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 Is a group of disease involving abnormal cell growth.
 Have potential to invade .
 Over 100 types of cancers affect humans.
 Symptoms vary depending on the type.
 Treatment may include chemotherapy, radiation , surgery and immunetrupy.
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Intruduction: phenolic acid(phenolcarboxylic acid)
 Are secondary plant metabolites.
 Possess aromatic rings with one or more hydroxyl or methoxy groups. 
 Their content in dried fruits can be high.
 Can be found in mushroom Basidiomycetes species.[1]
 Many phenolic acids can be found in human urine.[2]
 Different bioactivity properties: antitumor[3,4], antimicrobial[5], antioxidant[6] and …
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Biosynthesis, subclass and intake:
 Phenolic acids        hedroxybenzoic acid (C6-C1) [7,8]
 hydroxycinnamic acid(C6-C3) [7,8]
 synthesis of mono and polyphenolic acid compounds                     
 Are synthesized from the shikimate pathway L-Phe or L-Tyr [9]










Hydroxybenzoic acid and their analogus:
 Gallic acid        main phenolic acids        shikimic acid pathway
 Further converted to ellagic acid        another major phenolic acid . 




 A C6-C3 compound 
 Is produced by deamination of the Phe .



























































General representation of the phenolic acids biosynthesis derived from the 
shikimic acid pathway
12Dietary phenolic acids 
Small Intestine
Glucoronidation UDP-glucuronosyltransferase
Methtlation Catechol-O-methyl transferase   
Liver
Glucoronidation UDP-glucuronosyltransferase
Methylation         Catechol-O-methyl transferase
Sulfation Sulfotransferase
Colon 




Methylation   Catechol-O-methyl transferase            Urine
Possible pathweys for phenolic acids metabolism.
Anticancer activity:
 Anti-inflammatory activity
 Antioxidant activity 
 Effect on immune cells
 Angiogenesis
 Cell proliferation 




 suppressing pro-inflammatory cytokines and chemokines as COX-2 [10,11]
 Increased COX-2      promoting cell devision , inhibition of apoptosis. [12]
 COX-2      an important factor involved in cancer inflammation. [13]




activation of NF-Κb- dependent p65 acetylation .
production of inflammatory markers.
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anti-inflammatory activity of GA
Anti-inflammatory activity:
 Main responsible molecules        bioactivities exhibited by mushrooms.
 Due to         OH groups present in their chemical structure [15]
 CA         a carboxylic group and no OH group in the benzene ring 
 P-hydroxybenzoic acid and p-coumaric acid




an OH group in the para position Biological propreties
Anti-inflammatory activity of glucuronated
and methylated derivatives 
 CoA-GP, CA-GP and HA-GP       strong anti-inflammatory activity 
 CoA-GP exhibited the strongest anti-inflammatory activity.
 CoA-GP
 Strongest activity can be related
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to be able to inhibit the activity of COX
an acetylated glucuronide
carboxylic group OH group in the para position
with a double bond in the middle
double bond
reactivity of the benzenic ring
Anti-inflammatory activity of 





P-coumaric acid : CoA-M1>CoA-GP>CoA-M2>CoA-M3>CoA
Cinnamic acid : CA-GP> CA > CA-M
The methylation and 
glucuronidation of p-
hydroxybenzoic acid decrease the 
anti-inflammatory activity, while 
the methylation and 
glucuronidation of p-coumaric acid 
increased the anti-inflammatory
activity and the glucuronidation of 
cinnamic acid incrased anti-
inflammatory activity than the 
methylation 





 Polyphenols          a unique class of phytochemicals
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Preventing them from causing harm
Play a vital action to neutralize or inhibit the free radical by the use of antioxidant activity
possess excellent anti-oxidant
interact and deactivate the free radicals 
Anti-oxidant activity :
 Of phenolic acids is generally governed by their chemical structure.
 improves as the number of OH and methoxy group increased.
 Caffeic acid is more active than ferulic and p-coumaric acids. [16]
 the methoxy group       meta position      ferulic acid
 The anti-oxidant potential of ferulic acid  
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reduse the availibilty of phenolic hydrogens [16]
Forms a less stable radical when compared to 
caffeic acid [16]
3 distinctive structural motifs [17,18]
Immune cells:
 Enhance the body’s immune system
 During angiogenesis, angiogenesis factors
 VEGF and bfgf activate





VEGF Modulating key steps 
receptor tyr kinase angiogenesis processes




P-coumaric acid and immune cells:
 Reduce the mrna level of VEGF and Bfgf
 Exogenous ROS
 P-coumaric acid blocks the accumulation of ROS
 ERK and AKT activation are important
 decrease phosphorylation of AKT and ERK                 
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Inhibit the angiogenesis





(A) Reduce the mRNA level 
of VEGF and bFGF by p-
coumaric acid 
(B)  Reduce the 
phosphorylation of AKT 
and ERK by p-coumaric
acid 
Apoptosis and cell cycle:
 Adriamycin(ADM)
 Strong resistance to ADM limited its clinical efficacy.
 deregulation of HDAC6 activity
 4-hydroxybenzoic acid (4-HBA)      as HDAC6 inhibitor
 4-HBA       promoted the anticancer effect of ADM on apoptotic induction .
 Increased expression of Caspase3 and PARP cleavage .
 Promotion P53 and HIPK2 expression in ADM resistance breast cancer cells.
 Co-treatment of 4-HBA and ADM
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Chemotherapeutic drug
Various disease including cancer
Reverse ADM resistance 
More effective to induce cell cycle arrest in G2/M phase
Apoptosis and cell cycle : 25
26
4-HBA induces cell cycle arrest in G2/M 27
Angiogenesis:
 is stimulated by angiogenic inducer like VEGF.[19]
 STAT-3     up-regulated HIF-1α protein stability[20]
enhance HIF1-mediated VEGF expression [21]
 Caffeic acid or its derivative CADPE
 CA and CADPE       inhibit STAT3 activity       doen-regulated HIF-1α activity.
 CA and CADPE       suppressed STAT3 phosphorylation at Y705
HIF-1α expression 
vascularization and STAT3 inducible VEGF gene expression  
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Inhibition of STAT-3 signaling may have 
clinical application
Anticancer activity by targeting STAT3
 CAPDE        two phenolic rings linked by an esteric bond. 
 a greater STAT3 inhibiting effect than CA.
 a greater growth inhibiting effect on xenografted than CA.
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a greater anticancer effect 
than CA at low 
concentration 
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Both CA and CADPE 
inhibited the hypoxia-induced 
phosphorylation of STAT3 
and its translocation of 
nucleus.
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CA and CADPE significantly inhibited VEGF secretion.
The effect of CA and CADPE on xenografted human tumor growth. 
Cell proliferation:
 Phenolic acids affect         proliferation of T47D cells.
 Showed a time-dependent and dose-dependent inhibition of cell growth.
 Caffeic acid         most potent inhibitor of cell growth.
 3,4dihydroxyphenylacetic acid(PAA) >protocatechuic acid> ferulic acid
 The presence of      two OH group on the phenolic ring 
 three carbon side chains 
 The shortening of the side chain loss of the antiproliferative.    
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Essential for the antiproliferative activity
Cell proliferation and caffeic acid
 modify cell proliferation          interaction with the AhR-CYP system.
 AhR ligand-activated nuclear transcription factor.






Interaction of phenolic 




 HCAs and HBAs can chelate Zinc
 The carboxylic group of phenolic acids      interacts with zinc ion [22]
 Caffeic acid       most abundantly consumed HCAs.[23]
 The largest source for caffeic acid       consumption is coffee.
 CA attenuated cardiac dysfunction and fibrosis      HDAC regulation. [24]
 CA-mediated inhibition of HDACs protect the heart via MAPK inactivation.
 CA inhibit classⅠ, Ⅱa and Ⅱb HDACs activity.[25]
 Ferulic acid inhibits HDAC activity.
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Inhibit Zinc-dependent HDAC activity
Result in high HDAC inhibition 
potency
Epigenetic mechanism:
 Gallic acid attenuated cardiac fibrosis
 Inhibition of MMP gene expression decrease inflammation     
intracellular signaling cascade NFκB
ERK
 HDACs regulate both NF-κB and ERK
 Gallic acid          dose-dependently inhibit class Ⅱa,b HDAC activity
36
Inhibiting MMP gene expression of MMP-2 and MMP9
HDAC inhibition attenuated NF-κB and ERK activity
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Anti-metastatic effect:
 Aim          the effect of 3 phenolic acids on the inhibition of AGS cell metastasis.
 include : Gallic acid(GA), Caffeic acid(CA) and protocatecuic acid(PCA) 




Inhibition of cell migration
Inhibition of metastasis ability 
of AGS cells
GA has hydroxides
CA is the biggest with an extended carboxylic-acid
PCA is he smallest
Anti-metastatic effect:
 GA
 GA might be able to bind with some receptors        interact with RAS or PI3K
 MMP-2 and MMP-9 correlated with invasion and metastasis. 
 All 3 phenolic acids inhibited MMP-2 and MMP-9 expression.
 GA inhibited at a much lower concentration than CA and PCA.
 MMP gene expression is regulated by  
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higher cytotoxic effect on of AGS cells
higher suppressive effect on MMP secretion
than CA and PCA
NF-κB and AP1
PI3K/AKT pathway
 GA increase concentration of Iκ-B
 GA decrease the protein levels of PI3K , AKT1 and P-AKT .
 GA might increase Iκ-B binding to NFκ-B   
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Inhibit of NFκ-B activity
Suppress PI3K/AKT pathway Anti-metastasis
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Effect of phenolic acids on 
MMP-9 and MMP-2 activity 
of AGS cells.
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Cell migration of AGS cells was inhibited by GA.
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GA inhibited the activity of NF-κB and 
downregulated PI3K/AKT pathway




Neurodegenerative disease and phenolic acids
 Parkinsons diseas(PD)         chronic and progressive disorder.[26]
 Molecular studies         gene mutation are responsible for PD.[27]
 ROS plays pivotal role         apoptotic death of dopaminergic neurons.[28]
 Excessive production        damage at cellular level[29,30]








Apoptotic cell death [31]
Neurodegenerative disease and phenolic acids
 Gallic acid (GA)         an excellent free radical scavenger.
 6-Hydroxy dopamine (6-OHDA)         neurotoxin          implicated in mainly PD.
 GA
 6-OHDA causes degeneration of  dopaminergic neurons.
 6-OHDA similar molecular structure of dopamine.
induces nigrostriatal dopaminergic by generation of free radicals
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Cardio and hepato protective
Anxiolytic and neuroprotective properties 
Neurodegenerative disease and phenolic acids
 GA decreased 6-OHDA-induced cell death
 6-OHDA
 GA suppressed cell death         elevating anti-oxidant enzymes.
 GA 
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suppression of BAX and BCL2
repression of ROS production 
Reduce cell viability
Increase cell shrinkage Cell death
Down-regulated antioxidant enzymes 
Prevented depolarization
Down-regulated expression of caspase3
Anti-apoptotic potential
Neurodegenerative disease and phenolic acids
 Activation of Nrf2 pathway         role in controlling patophysiological conditions of  PD.  
 Activation of Nrf2
 GA
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Increase regulation of MMP
Efficiency of oxidative phosphorylation 
Activated Nrf2 levels
Modified Keap-1  expression  
up-regulation of anti-oxidant enzymes 
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a,b: cell viability studies in response to 6-OHDA and GA.
d: cell viability studies in response to 6-OHDA(50μM) and 
GA(1μgr/ml)
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Effect of GA on 6-OHDA-induced changes in 
intracellular ROS.
Percentage of fluorescent dye compared to 
control cell line
Cardiovascular disease and phenolic acids:
 CVDs         failure of vascular function.
 Occurred in many different forms







Induction of vasorelaxation to reduce hypertension
Cardiovascular disease and phenolic acids:
 Gallic acid (GA) isolated from
 GA effects endothelium-dependent vasorelaxation .
 increased phosphorylation of eNOS
 Binds to the active site of ACE inhibited ACE  
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green alga spirogyra sp.
increasing NO levels 
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A: effect of l-NAME on GA-induced NO production 
in HUVECs. B: effect of GA on eNOS and AKT 
expression in HUVECs.
54
Computational prediction of the 
PDE3b structure and docking 
simulation with GA.
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Computational prediction of the ACE 




 The anti-cancer effect of phenolic acids
 The more OH and methoxy groups
 With methylation and glycosylation reactions 
 Can be used to prevent cancer cells from resisting chemotherapy drug. 
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The physical structure of these compounds.
The stronger anti-cancer effects
The therapeutic effects of these compounds can be 
increased
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